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Reply to Office action of July 28, 2005 

Remarks/Arguments 

By the present amendment, claim 1 and claims dependent thereon have been 
amended to specify that OP9 cells have been modified to express a Notch 
ligand. Claim 1 and claims dependent thereon have been further modified to 
exclude TCR-a0 + CD4 + CD8" T cells from the claimed subject matter. Claim 8 has 
been amended to correct a typographical error. Claims 29-43 have been deleted 
and new claims 44-49 have been introduced. New claims 44-46 claim a system 
that produces specific subsets of T cells and methods of forming and expanding 
said subsets of T cells. Support for these claims is provided at pg. 22 lines 1-10 
and by Examples 2, 3,5, 7, 9 and10. New claims 47-49 claim the formation of 
CD4+CD8- T cells where the stem cells or progenitor cells are cultured with a 
system of claim 1, isolated and transferred to a recipient animal with a thymus. 
Support for these claims is provided by Examples 8 and 11 of the specification 
which show that CD4+CD8- T cells can be generated from in v/fro-derived 
progenitor T cells if these cells are then transferred to an animal with a thymus 
(pg. 44, line 29; pg. 58 line 4). 

The amendments to the claims have been made without prejudice and without 
acquiescing to any of the Examiners objections. Applicant reserves the right to 
pursue any of the deleted subject matter in a further divisional, continuation or 
continuation-in-part application. The amendment does not contain new matter 
and its entry is respectfully requested. 

The Official Action dated July 28, 2005 has been carefully considered. It is 
believed that the amended specification and claims and the following comments 
represent a complete response to the Examiner's rejections and place the 
present application in condition for allowance. Reconsideration is respectfully 
requested. 
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I, 35 USCS112. First Paragraph 

The Examiner has objected to claims 1,2,4,8,10-17,22,24 and 29-43 under 35 
USC§1 12, first paragraph for lack of an enabling disclosure for the development 
of all mature T cell subsets, specifically TCR-ap + CD4 + CD8" T cells. Claims 29- 
43 have been canceled hence the stated objection with regards to these claims is 
no longer applicable. Claims 1,2,4,8,10-17, 22 and 24 have been amended to 
exclude TCR-a(3 + CD4 + CD8" T cells from the claimed subject matter. 

New claims 44-46 have been added which claim a system that produces T cell 
subsets: (a) CD4' CDS" CD25* CD44^ double negative (DN) T cells; (b) TCR-ap* 
CD4*CD8* double positive (DP) T cells; (c) TCR-ap* CD4CD8+ T cells; and 
(d) TCR^6 + T cells; as well as methods of forming and expanding these subsets 
of T cells. Support for these claims is provided at pg. 22 lines 1-10 and by 
Examples 2, 3,5, 7, 9 and 10. 

New claims 47-49 have been added which claim the formation of TCR-ap* 
CD4+CD8- T cells wherein stem cells or progenitor cells are cultured with a 
system of claim 1, isolated and transferred to a recipient animal with a thymus. 
Support for these claims is provided by Examples 8 and 11 of the specification 
which show that TCR-ap + CD4+CD8- T cells can be generated from in vitro- 
derived progenitor T cells if these cells are then transferred to an animal with a 
thymus (pg. 44, line 29; pg. 58 line 4). 

In view of the foregoing we respectfully submit that the application enables one 
skilled in the art to generate the T cell lineages claimed in a manner 
commensurate with the breadth of the claims. 

In view of the foregoing, we respectfully request that all of the objections to the 
claims under 35 USC§1 12, first paragraph, be withdrawn. 
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II. 35 USC 51 12, SQeond Paragraph 

The Examiner has objected to claims 1,2,4,8,10-17,22,24 and 29-43 under 35 
USC§112, second paragraph, as being incomplete for omitting essential 
elements, the omitted elements being the transfection of OP9 or the mouse 
stromal cells with a vector encoding DL-1 or DL-4. Claims 29-43 referring to 
mouse stromal cells have been canceled, consequently the objection to these 
claims no longer applies. 

Regarding claims 1,2,4,8,10-17,22 and 24, the specification does not disclose 

that OP9 cells must be transfected per se but rather that such cells must be 

modified to express DL-1 or DL-4 in order to induce T cell lymphopoiesis but not 

induce B cell lymphopoiesis. DL-1 or DL-4 expression in OP9 cells can be 

achieved by a number of methods including but not limited to transfection, « 

retroviral transduction, genetic engineering and microinjection. The specification 

discloses at pg. 49 lines 5-10 that Jaleco et al. transduced S17 cells with 

retroviruses capable of expressing Delta-1 and at pg. 29 lines 26-29 that the 

inventors used a retroviral vector engineered to express DL-1 or DL-4 to infect 

OP9 cells. Consequently, claims 1,2,4,8,10-17,22 and 24 have been amended to 

specify that the in vitro system comprises OP9 stromal cells that have been 

modified to express a Notch ligand wherein the Notch ligand is DL-1 or DL-4. * 

In view of the foregoing, we therefore respectfully submit that transfection perse 
of OP9 cells is not an essential element of the invention and that the claims as 
currently amended include all the essential elements of the invention. 

In view of the foregoing, we respectfully request that all of the objections to the 
claims under 35 USC §112, second paragraph, be withdrawn. 

III. 35 USC 6103(a) 

in 
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The Examiner has objected to claims 1,2,4,8, 12-15, 17, 22, 29-33, 36-39, 41-42 
as being obvious in light of Jaleco et al. (Jaleco et al. (2001) J. Exp. Med. 
194:991-1001), Nakano et al. (Nakano et al. (1994) Science 265:5175), and 
Tatsumi et al. (Tatsumi et al. (1990) Proc. Natl. Acad. Sci. 87:2750-2754). Claims 
29-33, 36-39, and 41-42 have been canceled, consequently the above objection 
to these claims no longer applies. Regarding claims 1,2,4,8,12-15,17 and 22, we 
respectfully submit that the information disclosed by the aforementioned 
references fails to provide the necessary disclosure or motivation required for the 
generation and expansion of T cells from stem cells and progenitors using OP9 
cells modified to express DL-1 or DL-4. 

The present invention relates to a novel system for generating and expanding 
mature T cells from stem cells and progenitor cells. Prior to the present invention, 
generating T cells in vitro "required cumbersome fetal thymic organ culture 
systems or reaggregates of thymic epithelial cells and stem cells, that 
recapitulate the 3-dimensional structure of the thymus (Lehar SM and Bevan MJ, 
"T Cell Development in Culture" Immunity 17:689-92) a copy of which we 
enclose. Although in vitro systems to produce cells of erythroid, myeloid and B- 
cell lineages from stem cells existed (Nakano et al.), attempts to produce mature 
T cells in vitro from progenitor cells had failed (Jaleco et al.). 

The present invention overcomes the problems of the prior art by providing a 
simple in vitro method that permits the generation of mature T cells from stem 
cells and progenitor cells. The novelty of the claimed invention is supported by a 
mini-review of the technology in the prestigious journal Immunity (Lehar SM and 
Bevan MJ, "T Cell Development in Culture" Immunity 17:689-92), a copy of which 
we enclose. The authors describe the system of the subject invention as "a novel 
in vitro culture system for T cell development" (Lehar and Bevan, pg. 691). They 
commented that the inventors of the subject invention provide "a previously 
unavailable, easily manipulate culture system that will undoubtedly facilitate 
future studies" (Lehar and Bevan, pg. 689), None of the prior art cited by the 
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Examiner, either alone or in combination, would lead one of ordinary skill in the 
art to the present invention. 

As the Examiner is aware, he has the burden of factually supporting any prima 
facie conclusion of obviousness. To establish a prima facie case of obviousness, 
three basic criteria must be met. First, the prior art references when combined 
must teach or suggest all the claim limitations. Second, there must be some 
suggestion or motivation, either in the references themselves or in the knowledge 
generally available to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings. Finally, there must be a reasonable expectation of 
success. We respectfully submit that the above criteria have not been met as 
explained below. 

1) Prior art does not teach all of the claimed limitations 

Jaleco et al., Nakano et al. and Tatsumi et al. do not teach all of the claimed 

limitations. 

First, the cited references do not teach a system for the generation of mature T 
cells that are produced using stem cells or progenitor cells . Second, the cited 
references do not teach a system that uses modified QP9 cells to generate 
mature T cells. Third, the cited references do not teach a system that uses DL-1 
or DL-4 to produce mature T cells . Finally, the cited references do not teach a 
system that provides a method for cell expansion. 

The cited references do not teach a system for the generation of mature T cells 
that are produced using stem cells or progenitor cells. Jaleco et al. uses 
progenitor cells but is unable to produce any mature T cells . This lack of 
functionality was reiterated in the review of Lehar and Bevan where the authors 
stated that Jaleco et al. "were unable to generate any mature T cells" (Lehar and 
Bevan, p689). The system described by Nakano et al. does not permit the 
generation of any T cell lineage and therefore cannot teach a method for the 
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generation of mature T cells. Only Tatsumi et al. teaches the generation of 
mature T cells. However, the precursor cells used in Tatsumi et al. were not stem 
cells or uncommitted progenitor cells. The method claims of the present invention 
are limited to precursor cells that are stem cells or progenitor cells. Therefore 
none of the cited references were able to achieve the present invention wherein 
the generation of mature T cells is achieved using stem cells or progenitor cells. 

Second, the cited references do not teach a system that uses modified OP9 cells 
to generate mature T cells. Jaleco et al. and Tatsumi et al. do not use modified or 
unmodified OP9 cells. Nakano et al. does not use modified OP9 cells; they use 
only unmodified OP9 cells. 

Third, the cited references do not teach a system that uses DL-1 or DL-4 to 
generate mature T cells. Nakano et al, and Tatsumi et al. do not use DL-1 or DL- 
4. Jaleco et al. uses Delta-1. However, as mentioned above, Jaleco et al. were 
unable to generate any mature T cells. 

Furthermore the cited references do not teach a system that provides for 
expansion of T cells. The present invention provides an in vitro system which 
produces increased numbers of T cells. In an example the present inventors saw 
an increase in cellularity of 100 fold in the first week of culture and another 15-20 
fold expansion by day 12 (Specification, Example 2, pg. 33 lines 19-21 for 
support). Jaleco et al. observes that cellular ex pansion was conside rably lower 
for cells cultured with Delta-1 stromal cells (Jaleco et al., pg.995). Tatsumi et al. 
used short-term cultures (1-3 days) and did not repo rt increased T cell numbers 
whereas the system of Nakano et al. did not prod uce anv T cells. 

Therefore the cited references clearly do not teach the claimed limitations as they 
are not directed to the in vitro generation of mature T cells or to the in vitro 
expansion of T cells from stem cells and progenitor cells. 

13 
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2) No suggestion or motivation in the prior art 

Jaleco et al., Nakano et al. and Tatsumi et al. provide no motivation to one of 
ordinary skill in the art to modify their teachings in order to achieve the present 
invention. 

The Examiner suggests that it would be prima facie obvious to modify the 
teachings of Jaleco et al. by replacing mouse S17 stromal cells with the OP9 
cells of Nakano et al. We respectfully disagree. Nakano et al. does not teach a 
system that generates anv T cells. Nakano et al. was directed to circumventing 
the almost exclusive production of macrophages from ES cells in their system. 
They found that OP9 cells, which do not produce functional M-CSF, permitted the 
development of myeloid, erythroid and B-cells whereas other stromal cells 
resulted in the almost exclusive development of macrophages. The system of 
Nakano et al. was not directed at generating any T cells from stem cells or 
progenitor cells and did not address whether or how the syste m could be 
modified to produce mature T cells . Consequently Nakano et al. provides no 
guidance to one of ordinary skill in the art on how to produce mature T cells from 
stem cells or progenitor cells. 

Further, no motivation on how to achieve the present invention was provided by 
Jaleco et al. Jaleco et al. was directed to modifying B cell lineage development 
using stromal cells expressing Delta-1. Coculturing progenitor cells with Delta- 1 
expressing stromal cells gave rise to cells the authors described as "having 
features compatible with those of T/NK cell progenitors" (Jaleco et al., pg. 998). 
There is no guidance in Jaleco et al. on how to produce mature T cells from stem 
cells or progenitor cells. Additionally, there is no guidance in Jaleco et al. to seek 
out M-CSF deficient stromal cells such as OP9. The system of Jaleco et al. was 
not affected by the problem encountered by Nakano et al., namely the almost 
exclusive differentiation of cells into macrophages. Therefore there was no basis 
to consider the effect of M-CSF expression and consequently no motivation to 
use a stromal cell line deficient in M-CSF. Consequently, there is no reason why 
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someone of ordinary skill in the art would be motivated to replace the S17 
stromal cells taught in Jaleco et al. with the OP9 cells used in Nakano. 

Tatsumi et al. also provides no motivation to achieve the present invention. 
Tatsumi et al. is directed at inducing differentiation of immature thymocytes not 
stem cells or progenitor cells. The precursor cells used by Tatsumi et al. were a 
mixed population of CD4-CD8- thymocytes which are already committed to the T 
cell lineage. There is no guidance as to what modifications would be necessary 
to generate mature T cells from stem cells or progenitor cells . Furthermore 
Tatsumi et al use a thymic stromal cell clone . The abstract concludes by stating 
"immature thymocytes are promoted to differentiate ... bv a specialized thymic 
stromal component (Tatsumi et al., pg. 2750). The authors report that non-thymic 
bone marrow derived stromal cells were unable to induce T cell d ifferentiation 
(Tatsumi et al. P pg. 2754). The present invention uses non-thymic OP9 stromal 
cells derived from newborn calvaria (i.e. skull cap; Nakano et al, pg. 1098). 
Tatsumi et al. therefore teaches away from the current invention by concluding 
that thymic stromal cells are necessary for T cell development . Hence there is no 
direction and no motivation in Tatsumi et al. to modify the teachings of Jaleco et 
al. by using OP9 cells. 

31 No reasonable expectation of success 

None of the cited references would provide one of ordinary skill in the art a 
reasonable expectation of success in achieving the present invention. 

Even if a person of ordinary skill in the art would be motivated to substitute OP9 
cells of the Nakano et al. system, which were known to promote erythroid, 
myeloid and B cell lineage development, for the S17 cells of Jaleco et al., a 
person of ordinary skill in the art would not have a reasonable expectation of 
success. 
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The Nakano system required further modifications before it was able to support 
effective T cell differentiation using OP9 cells expressing DL-1. These 
modifications included the addition of specific cytokines to the culture system. 
Therefore further experimentation that was not routine or obvious to a person of 
ordinary skill in the art was required before OP9 cells expressing DL-1 were able 
to support the induction and differentiation of T cells from defined sources of 
stem cells. In light of the foregoing we submit that it would not be obvious at the 
time of the invention to combine the teachings of Jaleco et al. and Nakano et al. 

Additionally, a person of ordinary skill in the art employing the system of Jaleco 
et al. using OP9 stromal cells would not have a reasonable expectation of 
success due to the reduced purity of progenitor cells and differences in culturing 
procedure employed. The inventors of the present invention used CD34+ cells 
that were >99% pure whereas Jaleco et al. used CD34+ cells that were only 80- 
95% pure (Jaleco et al., pg. 992) and unlike the present inventors, Jaleco et al. 
did not see considerable cell expansion using Delta-1 expressing S17 cells. 
Since only approximately 1 in 17 progenitor cells gives rise to T cells using the 
system of the present invention (Specification, pg. 48 line 16), the culturing 
procedure employed in Jaleco et al. would not lead one of ordinary skill in the art 
to have a reasonable expectation of achieving the present invention. 

In summary, we respectfully submit that the Examiner has not met the burden of 
establishing obviousness in the present case as none of the above criteria have 
been satisfied. 

We remind the Examiner that he is to consider secondary considerations when 
assessing obviousness. Secondary considerations relevant to the present 
invention include long-felt need in the art. The in vitro generation of mature T 
cells is highly desirable. However, as stated previously, there are difficulties 
recognized the art with respect to the simple in vitro production and recovery of T 
cell subsets. The present invention solves the difficulties of the prior art by 
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providing an efficient system for generating mature T cells. Therefore, there is a 
clear long felt need in the art for the present invention which must be given due 
weight when considering inventive step. 

In view of the foregoing, we respectfully request that all of the objections to the 
claims under 35 USC §103(a) be withdrawn. 

The Commissioner is hereby authorized to charge any fee (including any claim 
fee) which may be required to our Deposit Account No. 02-2095. 

In view of the foregoing comments and amendments, we respectfully submit that 
the application is in order for allowance and early indication of that effect is 
respectfully requested. Should the Examiner deem it beneficial to discuss the 
application in greater detail, he is kindly requested to contact the undersigned by 
telephone at (416) 957-1682 at his convenience. 

Respectfully submitted, 




Micheline Gravelle 
Reg. No. 40,261 



Bereskin & Parr 

Box 401 , 40 King Street W 

Toronto, Ontario 



Canada M5H 3Y2 
Tel: 416-957-1682 
Fax: 416-361-1398 
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T Cell Development in Culture 



Minireview 



Sophie M. Leber and Michael J. Bwan» 
Department of Immunology and 
Howard Hughes Medical Institute 
University of Washington 
Seattle. Washington 90195 

The T cell compartment Is contlnuoasfy replenished 
by a renewable source of stem cells. In the adult, bone 
marrow-derived stem cans seed the trryrrwe endlr^ 
ate a developmental program that requires a series 
of Incompletely understood signals that are rwmaHy 
provided by the thymus Fei**» to recapitulate this 
process In simple In vitro cultures has hampered ef- 
forts to fwffy characterize these unique *?J^ln !£! * 
issue of immunity. Srjhmttt and «ltto^«c^ de- \ 
scribe a Simple In ivHro cUrture^iystem tfiet la able to 
generate mature T ceils from fatal iver stem celsbv. - 
ewesslrtg th* Notch flgand Derta-1 on the OP« atro- 
mat celi Pne. ThJs finding should greatly enhance ef- 
fort* to study T eel development and may provide a 
tool for generating defined T cell populations In vitro. 

Lymphocytes develop from the oesceodents of mullipo- 
tent hemalopoietk: stem cells (HSC) that have lost the 
ability to generate erythrokJ or myeloid progeny. One 
step along the way Is referred to as the common 
lymphoid precursor (CU 5 ). which can give nseto both 
& and T tymphocytss. In order to fully mature, both Band 
T lymphocyte progenitors must productively rearmnge 
their antigen receptor genes through a highly ordered 
process that regulates the* progression through distinct 
developmental stages {flothenberg. MOO). In adult mice. 
B cell development occurs predominantly Inthe bone 
marrow (BM), while T eel development Is restricted al- 
most exclusively lo the thymus. Although the various 
stages of B cell development have bean successfully 
reproduced In vitro (Rofink et aU 1995), to date, the 
generation of T cells in vftro has required cumbersome 
fetal thymic organ culture systems, or reaggregetes of 
thymic epithelial eels and stem cells, that recapitulate 
the 3-dimenslonaJ structure of the thymus. Tt-s has cre- 
ated the notion that thymus architecture and stromal 
cell typos provide unique signals that are essential for 
normal thymopoiesis (Hare et al., 1 999). 

Developing T cells are thought to migrate to distinct 
regions within the thymus as they mature (Figure 1). In 
a recent study. I™ et al. (2001) proposed that uncom- 
mitted CLPS enter the thymus at the cortkw-medullary 
junction, migrate outward through the cortex as they 
inmate TCRJ1 rearrangement, and proliferate ^within the 
subcapsular region following 0 selection, CD4+CW 
(DP) thymocytes are thought to undergo positive selec- 
tion on cortical epithelial cells, while mature CD4+ or 
CDs* (SP) thymocytes undergo negative selection as 
they traverse into the medulla- TMs dynamic movement 



of developing thymocytes suggests that distinct drfler- 
enbaove signals reside in microenvlronments wtthki the 
thymus (Anderson end Jenkinson, 2001), but it remains 
incompletely understood what these sparJalry restricted 
signals may be. Recent data suggest that at least some 
of these signals are delivered through the Notch signal- 
ing pathway. 

rn a report appearing in this Issue of immunity > Schmrtt 
and ZGniga-PflOcfcer demonstrate that by providing a 
Notch signal m a culture system that ottierwlse pro- 
motes B eel development, the entire program ror Tcell 
maturation to the mature T ceil stage can be achieved 
in vitro, these data cornp*ement a recent report by Ja- 
leco et at. (2001). which examined the role of different 
Notch llgande (Delta-1 or Jagged-1) In regulatmg the 
differentiation of human hematopoietic progenitors, ja- 
toco et el- presented Intriguing data suggesting that eff- 
rerent Notch Hgands may exert unique effects on T ceil 
lineage commitment, but they were unable to generate 
any mature T eels. Together, these reports strengthen 
the notion that Notch signaling regulates key check- 
points during T eel development, and may provide 
unique spatially restricted signals that are ncmiaJry pro- 
vided by the Intact thymus- Although the data presented 
bySchmittandZ0nio>^ 4 
word onT cell development. M^J^ # 
unavafeble, easily marapuUite^rftura system that wW f 
undpub teolytBcilitatefutore studies esrnedatc^actor- 



Summory of the Notch Pathway 
The Notch pathway is an evolutionary conserved sig- 
naling mechanism that regulates Developmental deci- 
sions In diverse organisms Including worms, flies, and 
ntarnmuls by regulating cell-cell interactions between 
receptor and ngand-beartng eels- Notch e^nalng rs 
thought to influence patterning during the development 
of complex organ systems, and can be acthrated se- 
quentially during progressive developmental sta^esJAr- 
tavaras-Tsakonae et al„ 1999). Four mammalran Notch 
receptors have been Identified, which bind to a family 
of al toast five drfferent ligands that belong to either the 
Delta or JaggeoVSerrate family (Figure 2V Notch recep- 
tors arc large type I transmembrane proteins that share 
a unique signal ng mechanism. Ugand binding Induces 
a proteolytic cleavage within the Notch intracellular do- 
main, to generate an active form of the receptor (Nolch- 
IC) that translocates into the nucleus and activates tran- 
scription by interacting with a ubiquitously f^res^ 
tramcriptionaJ repressor CBF1/RBP-0* (CBF1). The 
highly conserved RAM and Ankyrin domains of Notch-ic 
displace transcriptional coroprossors by binding tfirectly 
to CSF1, while a distinct transcriptional activation do- 
main (TAD) domain recruits transcriptional coactivetors 
(Mirmm and Kopan, 2000). 
Notch Signaling ^eoutetes T Co// Dei^tepment 
There is considerable evidence that signaling ^ 
Notch receptors regulates multiple stages of T cell de- 
velopment A dear consensus Is emerging that Nrtchi 
regulates the earliest stages of T cell commitment by 
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H^jrei. Mjgnrion Of Malunrtfl T Ce* * ttw Thymus 

provider a cUrective signal thai piomotes differwtetlon 
^C^into the T call I****, while Inhibiting B cell 
differ***** (Hon et al. ? 2002; Ftedte 
of Notchl function In HSCs blocks T cell olff erentfaflon 
and results in the accumulation of Immature B cells 
In the thymus- Conversely, naei of Notchl function by 
overeicpreesion of Nofch-IC In HSC8 blocks 0 cell deveV 
opment and results In T Ineag* commitment In the bone 
marrow. The Notch pathway has also been proposed to 
play a role in maintaining HSC populations, regulating 
thymocyte differentiation Into the v & VS. aP lineages, Of 
in promoting or inhibiting me maturation of immature 
or CDS 4 thymocytes. 
Efforts to generate a consensus on now Notcn signal- 
ing may influence these various functions has been ag- 
gravated by the inherent redundancy of the system. The 
four mammalian Notch receptors and their figands ere 



expressed In lymphoid organs m complex overlapping 
StSnTttiat do not correlate directly with their pro- 
posed function- For example, although scaling througji 
Notchl is thought to influence T lineage commitment in 
me thymus, there te evidence that Notchl teexpressed 
en HSCs, thymocytes, end on maturing B ^^f^ 
son and Jenkfcison. 2001; Bertrand et al., 2000V ™» 
apparent contradicUon may be explained by the ener- 
vation that Notch signals are subject to relation by a 
number of molecules that can affect figand binding or 
modulate taitraceflvlar siojnals. The aWISty of Notch re- 
ceptors to respond to Uganda of either the Delta or 
Jagged/Serrate class is Whienced by a family of three 
dffferent Fringe molecules (Lunatic Maniac, and Radical 
Fringe). Interestingly, overexpression of Lunette Fringe 
in thymocytes appears to inhibit Notch Signals andr*- 
sufts in increased B ceU differentiation in the thymus 
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(Koch et aL, 2001). At the intracellular level, Notch sig- 
nals can be regulated by a number of cytoplasmic or 
nuclear proteins including Numb, Hairless, and Dettex- 
These molecules mey regulate the Intensity, duration, 
or quality of Notch e^nate (Radke et aL, 2002). 

Finally, there is some evidence that Notch signals can 
be modified by the activity of other signaling pathways. 
For example, ft has been proposed that signals through 
Notch! and Notch2 are differentially affected by stimula- 
tion with M-CSF or GM-CSF (Manor and Bigas, 1999). 
Together these observations suggest that Notch signals 
may be krterpreted differently by cells during specific 
developmental stages or under the influence of afferent 
mtero-envirooniental conditions. With a* ol these fac- 
tors coming to ptay P perhaps simultaneously on a single 
eel, there is a dear need for a swnple In vitro system 
that will alow the contribution ol individual components 
of the Notch dgnahng pathway to be examined sepo- 
njtery. 

A Move/ In Vttrtt Culture System 
nxTCetf Development 

SChmltt and Zriniga-Pflucker propose that the requ*e- 
merits fordlrferentiailon of T ceHs and B eels are remark- 
ably shniar. By expressing the Notch Hgand Delta-1 on 
a stromal ceil line, OP3-DL1. they were able to mduce 
mud ne fetal Iver stem cells (sorted C DH7*/Sca1 M Ajn ) 
to differentiate into what appear to be functionally ma- 
ture OD& T T eels, u ndarthe Influence of IL-7 and FTO-L 
Similar cultures containing unmodified OP9 stromal 
eels generated NK cells early in the culture period, and 
then exclusively B cells. 

In the OP0-DC1 cultures, stem cees were induced to 
differentiate blowing a program that resembles that 
Been in the thymus- Within 12 days, cell numbers ex- 
pended more than 2.000-fold, and produced substantial 
numbers of both yt and op lineage T cells. «p fneage 
T eels appeared to Initiate a complete developmental 
program kidudlng progression through the normal 
stages of CD4 and COS expression, By day 7, the normal 
CD4~CDfl~ PN) subsets were evident, as determined 
by expression of CD44, CD25, and TCR0 rearrangement 
The authors reported (but did not show) that cultures 
seeded with RAG - '" stem ce»s underwent the expected 
developmental arrest at the DN3 stage. The above cul- 
ture system should greatly facsltate future studies ex- 
amining the specific requaements tor cytokines or cell 
surface receptors during developments! progression 
between the DN stages. This analysis is parrJeutarty in- 
teresting In light of recent data from Wotfer et el (2002), 
that suggested signaling through Notchl is essential for 
complete TCR0 rearrangement and normal thymocyte 
progression through at least the DN2/0N3 stage. 

Schmttt and Zunjga-Pfiuekeralso presented data sug- 
gesting that normal, functionally mature T cols could 
be generated in their OP9-DL1 cultures. The authors 
were able to generate a small number of C08* T ceNs 
that expressed mature levels of surface TCH. At least 
some of these TCP 1- CDS* T ceHs appeared to be func- 
tionally mature in that they could be induced to synthe- 
size IFNyj following in vitro stimulation for 3 days with 
plate-bound an U-C03. It was not dear however how this 
activation compared with that of normal CDS* T cells, 
as a control was not shown. Additionally, the authors 



did not attempt to generate mature Cf>T T cells by 
providing MHC-n in their cultures. 

Jl is not dear whether expression of Oelta-1 on OP0 
stromal colls Is sufficient to induce the entire norma) 
T cett developmental program, Including positive and 
negative selection of functionally mature and 
CDS'* T cells. Nevertheless, the above data ctearty dem- 
onstrated that a normal T ceH-specnic developmental 
program was initiated and proceeded efficiently up to 
at lesst the CD4+CD6* DP stage, Schmttt and Zuntge- 
PftGcker estimated the progenitor frequency for T ceas 
at approximately 1 m 17 stem ©eUs In OP9-0L1 cocul- 
tures and at 1 In 6 for B cells in 0P9 cocuftures. The 
high frequency of T eel progenitors suggests mat the 
observed T cell population resulted from cSfferentiatlon 
of an uncommitted stem ceU pool rather then the selec- 
tive outgrowth Of rare contaminating immature T cells. 
Defining the Signals that ttoguJate 
T Cetf Maturation 

The above data presented by Schmitt and Zuftige- 
PflOcker Is similar to a previous study reported by Jaleco 
et af. which suggested that Defla-1, but not Jagged-1, 
can Inhibit 0 cell conwrUtment Jaleco et aL employed 
a similar culture system utifizfog a different stromal cell 
me (S17) and CD34+ stem cells isolated from human 
cord blood. Both studies reported Wubrton of & ceU 
development in cultures containing stromal eels trans- 
feeted with Detta-1 . Jaleco et aL were able to generate 
significant numbers (up to 66%) of what appeared to 
be immature TANK progenitors, expressing GOV and in- 
tracellular CDS, and small numbers (up to of 
CD4*CDS + T cells. 

The strDuog finding in Jaleco et aL wastry observation 
that two different Notch ligands. Jagged-1 and Delta-1 , 
which are both expressed on thymic epithelial cells, are 
not equivalent Only Delta-1 was fable to inhibit B lineage 
commitment and promote differentiation of Immature T 
cell precursors- But comparison Of these two studies 
raises other important o^estlons. For example, it wtl be 
Important to determine why Jaleco et aL were unable 
to generate significant numbers of DP T eels. Inefficient 
T cell maturation could resutt from differences between 
human and murine stem cell populations, added growth 
factors, or unique positive or negative regulatory signals 
provided by the stromal cells. Schmitt and Zuftiga- 
Pnocker attempted to address this question by compar- 
ing S17 and 0P9 directiy In their culture system. Al- 
though unmodified OPS and Si 7 stromal cells appeared 
to function equally we* in generating large numbers of 
B cells, OP9-OL1 stromal cells were vastly superior In 
their abiBty to generate DP T eels compared to S17- 
DL1 , It is not dear at what stage Of T eel differentiation 
the difference between these two stromal cell lines first 
becomes apparent. The failure to generate significant 
numbers of DP T cells could result from diversion of the 
TVNK decision or inefficient maturation of early T cell 
progenitors. Nevertheless, this result raises the impor- 
tant point that there is more to making T cells than the 
mere presence or absence ol a Notch signal, 
/mp^catfons for the Roto o/ Notch Signaling 
during T Celt Deve/opmenf 

The above data raise important questions relating to the 
role Of Notch signals during different stages of T cell 
development For example, how does the spatial ax- 
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prosrfon of Notch receptors and hgancte within thethy- 
mus relate to the fundamental importance of art Intact 
thymic structure during thymopoteds? It 1$ poswbia that 
ovorafl thymic output, or the retabve amounts 
T cell subsets, may bo determined by the availability of 
different Notch ligands within the thymus. Uncommitted 
stem cells or developing T ceils may compete tor access 
to Notch ligands. or differentially Induce expression of 
molecules mat regulate Notch signaling. 

The spate! organization of Notch ligands may also 
regulate thymocyte maturation by regulating the dura- 
tion of Notch signals as thymocytes migrate to specific 
regions witWn the thymus. It Is not Ctear If developing 
T ce*a had access to Delta-1 throughout the culture 
period « the system reported by Schmrtt and Zoniga- 
Pfloeker. There is some evidence that Notch signals 
are modulated during normal thymocyte development 
(Perlos et al- 2000}, and conflicflng reports have argued 
that excessive Notch Signals <*Jring the ™ can 
either Inhibit or promote maturation beyond the DP 
stage (toon et al., 2002). The culture system doscnbed 
bTschmitt and Zufega-rtlucker wiH allow figure studies 
to address these questions definitively by adding or 
removing Different Notch Uganda during specific stages 
of thymocyte development 
Therapeutic Invocations? 

Adoptive T cell immunotherapy is the term applied to 
the goal of rejecting tumors by refusing speclOo CD* 
T cefts that have been Isolated from the patient and 
expanded in vitro on antigen plus lL-2 (Greenberg^and 
Hiddell, 1999). Can the culture system described by 
Schmm and Zufiiga-PflOclcar for generatfctg T cote from 
stem cefts be applied to provide either T cells of a do- 
tted anti-tumor specificity or diverse T coll Deflations 
for ImmiiTKKteficiency patients? Some T ceil Immunode- 
fictendes such as 01 George syndrome are due to de- 
fects m thymus stromal ceft development and patients 
with normal hematopoietic stem celts benefit from eph 
thelal thymus grafts. Woidd Delta-1 transfeoted stromal 
cods cowftured with peripharalbk^ stem ^provide 
a pool of T cells for engraftrnent? For best iirimunopro- 
tectioh. the stromal ceil would have to be HLA matched 
to the patient so that positive selection on me appro- 
priate HLA alleles would select the most useful T cell 
repertoire to protect the host and so that complete self- 
tolerance would be Induced to guard against self-reac- 
thrtty and resulting autoimmune disease- We do not 
know whether CW and CDS posrfive selection actually 
occurs in these "simple" cocultures, nor whether com- 
plete negative selection could be Imposed. It * Pkery that 
thymus architecture is specially designed for purging the 
T cell repertoire of dangerous anthselMeaCtive clones, 
and for promoting the o^vetopmerit of regulatory T cells 
to control immune responses. Until we know more, using 
an in vHro system to re<^stttut»me 
seems a risky procedure. 

Could the new system be used in a more targeted 
way to generate new effector T eels with a desirable 
anti-tumor specificity? For this one would need (1) 
knowledge of the tumor target epitope, say for example 
MLA-A2/molanA. (2) a Delta-1 bearing stromal fine that 
carries the A2 gens and is deficient In class I presenta- 
tion, for example as a result of TAP efficiency, and (3) 
altered peptide llgande that are related to the target 



epitope, bind HLA-A2, and that serve to positively seJecl 
CD8+ T cells with high affinity for the tumor antigen. 
Patient stem cells cocultured with such a stromal cell 
line plus peptide would result In the selective maturation 
of CD8* T cells on the A2/peptide complexes (since 
these are the only ligands present on the stromal cells). 
CD8* T cefls that mature could be expanded on tumor 
antigen plus 1L-2 for Infusion into the patient. This proce- 
dure may be less risky than growing a drvorse T cell 
pod, and It gets around the problem that cancer patients 
may have no or orUy low affinity T cells, but agabi p we 
do not know whether the T cell repertoire Is subject to 
rules of selection In these cultures. 

The novel approach of using Notch RganoVexrxes*lng 
etromal ced Knes to allow T cell eommrtment and devel- 
opment m culture immediately provides a wonderful tool 
for detailed experimental analysis of the diflefentiabon 
program. Clinical epplteatioris wfl have to wait 
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